Background: Smoking and obesity are two of the most important risk factors for chronic disease today. Their combined effect on the risk of disability pension is not known. Methods: A nationwide cohort of 45 920 Swedish men (18.7 ± 0.5years) were followed for 38 years. The body mass index (BMI), based on measured height and weight, was used to define underweight (o18.5), normal weight (18.5-24.9), overweight (25.0-29.9) and obesity (X30.0). The hazard ratios (HRs) associated with BMI and smoking status at baseline for receiving disability pension were adjusted for socio-economic index (SEI), muscular strength, geographic region and place of residence. Results: During 1.6 million person-years, 4631 disability pensions and 2897 deaths occurred. After adjustment, overweight (HR 1.34, 95% CI 1.19-1.51) and obesity (HR 1.55, 1.18-2.05) were associated with an increased risk of disability pension, independent of smoking, whereas underweight (18.5; HR 1.07, 0.97-1.17) was not compared with normal weight. Similarly, smoking 1-10 (HR 1.37, 1.27-1.49) or 410 cigarettes per day (HR 2.01, 1.86-2.17) showed independent risk increases versus non-smoking. Although obese individuals smoking 410 daily cigarettes were at greatly increased risk (HR 2.98, 1.98-4.47), no evidence of interaction between the two risk factors could be detected. Conclusions: Both increased adiposity and smoking are strong and independent predictors of disability pension, but they do not act synergistically.
Introduction
Overweight and obesity in adolescents are increasing globally, and smoking remains one of the most important preventable risk factors for chronic diseases. 1, 2 Several studies have shown elevated risk of disability pension among smokers. [3] [4] [5] Similarly, several studies have analyzed the association between obesity status and disability pension, but only a minority of the studies include smoking as a covariate, 6, 7 and no study has analyzed a potential interaction between obesity and smoking status. The effects, in late adolescence, of the combinations of these major modifiable risk factors on the adult risk of disability pension are hence unknown. In addition, the elevated risk among underweight individuals found in some studies could be a result of confounding by smoking. The aim of this study was to analyze the combined effects of adolescent obesity and smoking status on subsequent disability pension in a nationwide cohort of young Swedish men.
Methods

Study population
Swedish men performing military conscription in 1969 and 1970 constituted the study cohort of this research. Military conscription normally takes place during the last year of high school (age 18-19 years) , and was at this time mandatory and participation was enforced by law. Only 2-3% of all Swedish men were exempted from conscription in [1969] [1970] , in most cases because of severe handicaps or congenital disorders. 8 On the basis of the unique personal identification number assigned to each Swedish citizen, a data set was created using register linkage between the Military Service Conscription Register (data on height, weight, muscular strength, smoking and place of residence), Social Insurance Register (data on granted disability pensions), Register of the Total Population (data on emigration, immigration and death) and Population and Housing Censuses (maternal and paternal socioeconomic index (SEI)).
Ethical approval for the study was granted by the regional ethics committee at Karolinska Institutet, Stockholm, Sweden.
Primary outcome
The primary outcome was disability pension of any kind (part time or full time) due to any cause. Follow-up data were retrieved from 1971 to 2007. In Sweden, a disability pension can be part time (25, 50 , 67 or 75%) or full time (100%), and unemployed citizens may also qualify, given a reduced ability to work because of a medical condition. Since 2003, the earlier 'Disability pension' was replaced with 'Activity compensation' for individuals aged 19-29 years with impaired ability to work because of illness by X25% for at least 1 year, and with 'Illness compensation' for individuals aged 30-64 years with impaired ability to work for a life-time perspective. 9 'Temporary illness compensation' can also be granted and has replaced the earlier 'Illness subsidy'. In this study 'Activity compensation' was not applicable for the conscription cohort from 1969 to 1970, and 'Temporary illness compensation' was excluded. The issued disability pensions are recorded in the Social Insurance Register, and these decisions result in economic compensation from the Swedish welfare system. The risk of missing outcome data is therefore minimal.
Participants not experiencing the event were censored at the time of death, emigration or end of follow-up, whichever came first. Emigrants who later re-immigrated were assumed not to have been on disability pension while not registered in Sweden.
As a secondary outcome, the composite outcome disability pension or death was analyzed. This was performed because of the risk of informative censoring because of death, as smoking, overweight and obesity have been found to increase the risk of premature death, 10 and death precludes the reception of disability pension. This may have led to greater censoring of the highest risk individuals.
Covariates
The height was measured using wall-mounted stadiometers, and weight using analog or digital scales. The body mass index (BMI) was defined as weight in light clothing (kg) by height (m) squared, without shoes, and categorized into the World Health Organization-defined BMI categories of underweight (o18.5), normal weight (18.5-24.9), overweight (25-29.9 ) and obesity (X30 ). Restrictions in age were also applied (16-20 years) as the few individuals with very early or late timing of military conscription could also differ in other aspects.
The smoking status was assessed using a questionnaire and categorized into three levels (non-smoker, 1-10 and 410 daily cigarettes). The effect of using four levels for smoking status (non-smoker, 1-10, 11-20 and 420 daily cigarettes) was analyzed in sensitivity analysis. Additional covariates considered included household SEI (white collar, blue collar, self-employed and other), place of residence (urban, semiurban and rural) and test-center representing six geographic regions (Kristianstad, Göteborg, Stockholm, Karlstad, Ö stersund and Boden). The highest of the maternal and paternal SEI was used as the household SEI. In addition, as fit individuals may be misclassified because of their muscle mass when using BMI as a proxy for fatness, the measured muscular strength (leg extension, arm flexion and hand grip; Newton) was included in the models.
Statistical analysis
Statistical analyses were conducted in Stata (version 10.0, College Station, TX, USA). The unadjusted incidence rates (disability pensions per 10 000 person-years) were used to present the absolute risk of disability pension. A Cox proportional hazard model was used to model time to event for estimation of the relative risks of disability pension, unadjusted and adjusted for potential confounding variables. 12 The normal weight BMI category and the nonsmoker category were chosen as the reference categories. Subgroup analyses were performed with multivariableadjusted BMI models repeated in three smoking strata (non-smokers, 1-10 and 410 cigarettes per day) and smoking models in four BMI strata (underweight, normal weight, overweight and obesity). This was carried out for both the primary outcome disability pension and for the secondary composite outcome disability pension or death.
The interaction between BMI and smoking status was analyzed by calculating the relative excess risk due to interaction (RERI) by using the methods outlined by Andersson et al. 13 Using this method, the separate contributions to the relative risk of disability pension from the BMI category, smoking category and the interaction between the two are calculated. The results are presented graphically in stacked bar charts showing the baseline risk of disability pension for a normal weight non-smoker, the relative excess risk associated with the BMI category (vs normal weight), the Overweight, smoking and disability pension K Neovius et al relative excess risk associated with the smoking category (vs non-smokers) and the RERI between BMI status and the smoking status. In the absence of interaction between BMI and smoking status, the RERI estimate will be 0. A P-value o0.05 was considered statistically significant.
Results
Out of 50 398 participants in the Military Service Conscription Register database, 889 did not have smoking data recorded, and 951 had a weight, height and/or BMI outside of the acceptable limits. Of the remaining 48 691 participants, 2771 were excluded as they were o16 or 420 years when performing the conscription test, leaving a final 45 920 participants for analysis.
The participant characteristics are shown in Table 1 . In total, 59% were smokers, and 6.5% were overweight or obese. A pronounced and statistically significant socioeconomic gradient across BMI categories was observed, with an overrepresentation of men from blue-collar homes in both the overweight and obese categories.
Incidence of disability pension and unadjusted survival analyses During 1 607 471 person-years of follow-up (median 37 years), 4631 disability pensions were granted and 2897 men died. The main causes of disability pensions were psychiatric (n ¼ 1598; 35%) and musculoskeletal disorders (n ¼ 1378; 30%).
A J-shaped relation between obesity status and the risk of disability pension could be discerned. The incidence rate was lowest in the normal weight category and significantly higher for both overweight and obesity ( Table 2 ). Smoking showed a positive dose-response relationship with the risk of disability pension, with twice as high incidence in participants smoking 410 cigarettes per day as compared with non-smokers ( Table 2) . Overweight, smoking and disability pension K Neovius et al
In unadjusted survival analyses, underweight as well as overweight and obese participants were found to have significantly elevated risks for disability pension compared with normal weight (Table 2 ). In addition, smoking was associated with significantly increased risks for disability pension compared with non-smokers, with a more than doubled risk in participants smoking 410 cigarettes per day.
Multivariable-adjusted survival analyses
The excess risks found in the unadjusted analyses persisted after adjustment for smoking (or BMI) status, muscular strength, SEI, place of residence and geographical region for overweight (HR 1.34, 1.19-1.51) and obesity (HR 1.55, 1.18-2.05), as well as for 1-10 (HR 1.37, 1.27-1.49) and 410 cigarettes per day (HR 2.01, 1.86-2.17; base models in Figures 1 and 2 ). Similar to the risks for overweight and obesity, the risk associated with underweight was slightly attenuated after adjustment, but it did not remain statistically significant (HR 1.07, 0.97-1.17). The obesity statusrelated risks for disability pension were not confounded by smoking, showing only marginal differences in HRs when smoking was excluded or included in the model (1.09 vs 1.07 for underweight, 1.36 vs 1.34 for overweight and 1.61 vs 1.55 for obese). No violations of the proportional hazards assumption were detected when analyzed graphically.
Subgroup analyses
In analyses stratified by BMI (Figure 1 ), smoking either 1-10 or 410 cigarettes per day (vs non-smoking) were associated with risk elevations in each stratum, although the relative In analyses stratified by smoking (Figure 2 ), risk elevations of large magnitude were observed for both overweight and obesity (vs normal weight) in non-smokers and participants smoking 1-10 cigarettes per day. However, the risk elevation associated with 410 cigarettes per day in overweight participants was both small and not statistically significant (HR 1.07, 0.88-1.30). For underweight, the highest risk was found in participants smoking 1-10 cigarettes per day (HR 1.17, 1.01-1.37).
When using the composite outcome disability pension or death as an outcome measure, the findings were similar to the base case analyses. The only exceptions were that the risks for disability pension or death increased slightly in magnitude and also reached statistical significance for all smoking categories among obese participants (compared with normal weight; Figure 2 ). The same happened for obesity in participants smoking 410 cigarettes per day (vs non-smokers; Figure 1 ).
Combined effect of BMI and smoking status on disability pension
The combined effect of BMI and smoking status on the incidence of disability pension is shown in Figure 3 . The incidence rate was similar for obese non-smokers and normal weight participants smoking 410 cigarettes per day, as well as for overweight non-smokers and normal weight participants smoking 1-10 cigarettes per day.
The separate contributions to the relative risk of disability pension from BMI and smoking status, as well as the interaction between the two, are shown in Figure 4 . Although the relative risks because of smoking, overweight and obesity were all statistically significant, the RERI between smoking Overweight, smoking and disability pension K Neovius et al and BMI status (black areas in Figure 4 ) did not reach statistical significance in any subgroup. Furthermore, the point estimates were of small-to-moderate magnitude, ranging from À0.33 to 0.25. Although obese individuals smoking 410 daily cigarettes showed a threefold increased risk of disability pension (HR 2.98, 1.98-4.47) compared with normal weight non-smokers, the RERI between smoking 410 daily cigarettes and obesity was close to zero.
Sensitivity analysis
Using four categories for smoking status, with 420 daily cigarettes as the highest category, did not change the general pattern in any of the analyses. In the multivariable models, smoking 420 cigarettes per day was associated with a more than threefold increased risk of disability pension compared with non-smokers (HR 3.11, 2.74-3.54), but the estimates for underweight hardly changed (Table A1) . Furthermore, no evidence of interaction between obesity and smoking status could be detected when including a fourth smoking category ( Figure A1 ).
Discussion
BMI and smoking status in late adolescence were independently associated with elevated risks for disability pension later in life, with no evidence of interaction between the two risk factors. Overweight and obesity showed significantly increased hazard ratios for disability pension compared with their normal weight counterparts, whereas the underweight showed only a weak trend in this direction. Smoking showed a positive dose response with regard to the risk of disability pension, with elevated hazard ratios with an increased number of cigarettes smoked per day compared with nonsmokers. These findings were robust over a range of subgroups, and were further strengthened in analyses using the composite outcome disability pension or death. Smoking did not confound the obesity status-related risks, not even for the underweight.
To the best of our knowledge, no previous study has assessed the combined effects of BMI and smoking status on the risk of disability pension. A previous study on the same cohort regarding mortality could not, however, find any evidence of a statistically significant interaction between BMI and smoking either, 10 although the point estimate for obesity combined with smoking 410 daily cigarettes was large.
The identified increased risks of disability pension among overweight and obese individuals are in line with previous investigations not taking smoking status into account. 14, 15 Two other studies on young Swedish males found a small but significantly increased risk for underweight also 16, 17 (HR 1.14 in both studies), although only a trend in that direction could be detected in this study (HR 1.07, NS). This discrepancy may be explained by the lower statistical power, Figure 3 Incidence rates of disability pension illustrating the combined effects of body mass index (BMI) and smoking status (n ¼ 45 920). Figure 4
The relative risks of disability pension with separate contributions from the exposure categories of body mass index (BMI) status, smoking status and their interaction. The point estimates and 95% confidence intervals for relative excess risk due to interaction (RERI) between BMI and smoking status (black areas) are provided above (or below) the bars. The models were adjusted for muscular strength, socio-economic index (SEI), place of residence and geographical region.
Overweight, smoking and disability pension K Neovius et al and also by the fact that the present investigation, in contrast with the two other studies, had the possibility to adjust for smoking. Excluding smoking from the analysis in the present study did only change the estimate marginally for the underweight, however, and it did not reach statistical significance. The higher risk of disability pension among smokers compared with non-smokers is congruent with previous findings. [3] [4] [5] Obese individuals suffer to a greater extent from musculoskeletal disorders, cardiovascular disease and psychiatric disorders, the three most common causes of disability pension in Sweden, 18 probably explaining their elevated risk of becoming disability pensioners. The weak trend toward increased risk for underweight also is less clear, but could possibly be explained by diseases of the muscoloskeletal system and alcohol abuse, as found previously among middle-aged adults. 6 Disability pension incurs huge societal costs to many countries, save the personal suffering. The disability pension rate is not related solely to individual risk factors, but also to other factors such as legislation and physicians' attitudes. However, it seems clear that recent increases in obesity 19, 20 will push toward an increase in disability pensions, all else equal, and in countries in which the smoking prevalence is increasing in parallel, an even higher increase in disability pensions can be expected in the future. In countries in which the obesity trend during the last decades has been accompanied by a decrease in smoking prevalence, the net effect of these changes on disability pensions and the related indirect costs have yet to be examined.
In accordance with the recommendations for avoiding the effect of reverse causality, 21 this study used a long follow-up that covered almost the complete period of life when the outcome disability pension is an accessible benefit provided by the welfare system. Furthermore, obesity status was measured early in life, when a low BMI because of pre-existing illness is unlikely, further decreasing the risk of reverse causality. Another strength of this study was that height and weight were measured by trained professionals, rather than self-reported, thus decreasing the risk of misclassification. 22, 23 BMI as a measure of overweight and obesity is, in itself, also afflicted by the inclusion of false positives, that is, physically fit individuals with elevated BMIs due to more muscle mass. By adjusting for muscular strength in the analyses, this problem was at least partly mitigated. This study also suffered from some limitations. The Swedish Military Service Conscription Register is highly suitable for epidemiologic studies, as it is nationwide and with an almost complete coverage at the time, but it includes data only for men. Unfortunately, no data source of the same quality is available for women. However, the relation between BMI and disability pension has previously been described to be similar between the sexes in Nordic cohorts at older ages. 7, 24 It is also a limitation that the measurements in this study were all performed at the beginning of the follow-up period. The possibility to alter one's lifestyle during follow-up, affecting the risk of becoming a disability pensioner, is obvious. However, a high BMI has been shown to be determined early in life, 25 although this is not always the case. Smoking continuation, cessation or initiation could possibly be harder to predict from smoking habits in late adolescence. It is, however, likely that smoking cessation during follow-up was more common in this cohort than smoking initiation, resulting in some decline in smoking prevalence over time. 26 If this is the case, the risks for smoking are likely to be biased downward. In summary, both increased adiposity and smoking were found to be strong and independent predictors of disability pension, but they did not act synergistically. For the underweight, only a trend toward elevated risk was found, and this risk was not confounded by smoking. The results were consistent across subgroups defined by BMI and smoking status, and were further strengthened when using the composite outcome disability pension or death. Abbreviations: CI, confidence interval; HR, hazard ratio. The analyses were further adjusted for parental socio-economic index (SEI), muscular strength, place of residence and geographical region. Figure A1 The relative risks of disability pension with separate contributions from the exposure categories of body mass index (BMI) status, smoking status and their interaction. The point estimates and 95% confidence intervals for relative excess risk due to interaction (RERI) between BMI and smoking status (black areas) are provided above (or below) the bars. The models were adjusted for muscular strength, socio-economic index (SEI), place of residence and geographical region.
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